The understanding of de novo regeneration process in almond may provide clues regarding the critical steps in adventitious organogenesis that require optimisation. Transgenic almond shoots have already been recovered, however the rate of success has been very low (Miguel and Oliveira, 1999). The main bottleneck of this sy stem, apparently, is the fact that the host cells targeted to introduce the transgene are often different from those acquiring competence to re-enter cell cycle and therefore undergo organogenesis. It is difficult to understand which cells do actually become competent and by which mechanism. We have studied indirect shoot induction in almond using genomic tools. Two main strategies were used: a candidate gene approach for the almond Knotted-1 and CDKA:I (putative markers for organogenesis events) and a transcriptomic approach with micro-array technology, using two suppression subtractive hybridisation libraries constructed from two defined time frames of organogenesis, to screen and discover novel markers. Several candidate genes were identified and studied by Real-Time PCR expression analyses. The collected data may help to answer questions long ago standing by, and to which fundamental knowledge obtained from model plants has been clearly insufficient. Finding genes directly involved in the competence for shoot neo-formation in woody species may help to study regulatory mechanisms underlying organogenesiS.
INTRODUCTION
The use of genetic engineering in woody fruiting species is often hampered by their reduced regeneration plasticity. The fact that developmental processes occur in specialized tissues or cell types makes gene expression studies very appellative. Till very recently, adventitious organogenesis was mostly studied through a histological or physiological perspective (Christianson and Warnick, 1983) , observing histological changes in the tissues (Hicks, 1994) or obtaining empirical data based on trial and error experiments. Molecular data was obtained based on the identification of Arabidopsis and maize mutants (Barton and Poethig, 1993; Kerstetter etal., 1997) and on the use of tagged probes (Hake et al., 1989) to mark developmental events (Teo et al., 2001) . However, such a puzzling developmental process demands an extensive dissection at the transcriptome level, to gain insight into molecular mechanisms determining "when" and "where" organogenesis is going to happen. The use of the candidate gene strategy enabled the isolation of organogenesis key players in almond previously described in other plants as being involved in organogenesis development such as KN1 like proteins (Cary et al., 2002; Hibara et al., 2003) and CDKA:1 proteins (Zhang et al., 1998) . Micro-array screening of the early and late suppression subtractive libraries, of almond regenerating explants, enabled us to acquire mass transcriptomic data about accumulation of less abundant transcripts that may have an important contribution for de novo shoot development.
MATERIALS AND METHODS

The Candidate Gene Approach
Total RNA was extracted using RNeasy extraction Kit (Qiagen) from apical and axillary meristems, and leaves of in vitro micropropagated almond shoots. The three samples were used for RT-PCR using degenerated primers for the conserved domains of Knotted-I DQFMEAY and QINNWFI, and CDKA:l GEGTYG and WYRAPE. Almond KNI-like and CDKA:I internal sequences were obtained, and the 5' and 3' primed ends were extended by RACE-PCR using SMART and Marathon uncloned cDNA libraries of meristerns. To study the expression of almond KN1-like and CDKA:l total RNA was extracted from leaf explants of each single day of adventitious shoot induction (20 days) to follow their expression throughout organogenesis by RT-PCR. The expression profile of almond KNI -Iike was also addressed using Real-Time RT-PCR. Northern blot analysis was performed with total RNA (60 .ig) isolated from meristerns and leaves, separated by electrophoresis, blotted onto Hybond nylon membrane and hybridised with almond CDKA:l and KNI-like internal probes under high stringency conditions. For the Southern blot analysis 10 tg of genomic DNA were used in each single digestion and the membrane was hybridised with the same probes used for the northern blot analysis. Labelling and detection method was performed using "Gene Image Random Prime Labelling" and "gene images CDP-star detection module" reagents (Amersham Biosciences) according to manufacturer's instructions.
The Transcriptomic Approach
RNA isolated from leaves of in vitro shoots and from leaves induced for regeneration, was used to produce eDNA clones using the "BD PCR eDNA Synthesis Kit". Two eDNA subtractive libraries, corresponding to early and late stages of organogenesis, were cloned using the "BD PCR-Select eDNA Subtraction Kit" (Clontech). To build the almond micro-array, the eDNA clones from both libraries were PCR amplified, products were dried out and resuspended in printing buffer, transferred to 384 microtiter plates, and printed in slides using an array printing tool (Genetic Microsystems GMS 417 Arrayer).
Micro-array Hybridisation
RNA was extracted from regenerating leaves, induced to regenerate, throughout 20 days of induction period, and two RNA bulks (early and late organogenesis) were used to synthesize the dye swap probes. To visualize the differential expression, the two RNA pools were labelled with distinct fluorescent dyes (Cy3 and CyS) (Genesphere kit cy5 and cy3, Oakland, NJ) and hybridised overnight at 55°C in a humid dark chamber.
Sequencing and Real-Time PCR
Clones with an expression higher than 2-fold differentially expressed either in the early or late organogenesis were sequenced. To confirm the experimental data obtained from the micro-array profile 8 genes were selected to perform Real-Time PCR. The RealTime was run in an ABI PRISM 7000 Sequence Detection System (Applied Biosystems) using SYBR Green Technology and 96-microwell optical plates (Applied Biosystems). The PCR reagents consisted in 1X SYBR Green PCR master mix, 300 nM of each primer and 5 .tl of each sample eDNA, in a final volume of 50 pl.
RESULTS AND DISCUSSION
The Candidate Gene Approach
The almond coding sequence of KNI -like protein was successfully obtained by the extension of the internal fragment by 3' RACE and 5'RACE PCR. The obtained sequence was designated PdKnJ (for Primus dulcis Knotted]-like homeobox gene). Southern blot analysis showed that two copies of PdKnl gene are present in the almond genome. The PdKnI transcript was detected by Northern blot analysis in meristems but not in leaves. The Real-Time RT-PCR analysis for PJKnI was performed throughout 20 time points of adventitious shoot regeneration. The expression levels obtained in early stages were very low and a higher transcript accumulation was only detected from day 11 up to day 20.
The almond CDKA: I internal fragment was also isolated and the coding sequence extended by RACE-PCR (Fig. 1A) . The obtained sequence was designated PdCdc2a. By Southern blot analysis one copy of the PdCdc2a gene was identified in almond ( Fig. IC) and by northern blotting and RT-PCR the transcript was detected in meristems and leaves ( Fig. 2A, B) . The expression pattern of PdCdc2a was also followed throughout the de novo shoot induction period, by RT-PCR. The transcript production appeared to be homogeneous along the shoot induction being detected in most days of induction (Fig.  2C) .
Expression Profile of Almond cDNA Array
Two almond organogenesis cDNA libraries were constructed following the suppression subtractive hybridisation (SSH) procedure. Early and late SSH libraries were prepared using mRNA samples from two populations with different induction times. To screen expression profile of almond shoot organogenesis, a total of 3840 clones from the two time frames early and late, were printed onto micro-array chips with duplicated spots for each clone. Two batches of chips were printed and duplicated spots were printed adjacently in each batch. Three biological replicates corresponding to total RNA of three assays of almond leaves undergoing 20 days of shoot induction were used for the synthesis of the dye swap probes. cDNA Cy3 and Cy5 fluorescently labelled probes were produced using 10 g of total RNA of early and late samples, respectively. These eDNA probes were mixed and hybridised with the almond eDNA micro-array. Two separate laser channels for Cy3 and Cy5 emissions from each eDNA element scanned the micro-arrays. A ratio of the two fluorescent signal intensities of each eDNA element was then measured as a relative measure to determine changes in the differential expression of the represented eDNA spots on the micro-array. A total of 58 eDNA clones were found to be expressed higher than 2-fold in the early organogenesis versus the late organogenesis, with 95% of confidence. Seventy cDNA fragments had an expression higher than 2-fold in the late versus early organogenesis condition. The eDNA clones sequenced represent 92 unique gene fragments. The gene annotation based on their BLAST homology against GeneBank sequences, identified genes that encode proteins belonging to different families such as binding function or cofactor requirement, cellular transport, transport facilitation and transport routes, cellular communication/signal transduction mechanism, cell rescue, and defense, transcription, protein synthesis and interaction with the environment. These genes are for the first time reported in almond.
Real-Time PCR Expression Profile of Organogenesis Key Players
Real-Time PCR analysis of selected genes confirmed and supported the microarray results. Proteins previously described in other species as being involved in early fruit and flower development were identified as being differentially expressed in early and late adventitious shoot induction. This set of genes was selected to analyse by Real-Time RT-PCR during the 20 time points of adventitious shoot induction. Some of them can be candidate genes to mark critical events during shoot induction, as their expression was shown to be very differential throughout the shoot development.
CONCLUSIONS
Aiming to identify key players in the shoot induction/regeneration process two main strategies were followed. The first addressed the isolation of sequences previously described as being involved in adventitious organogenesis. The second aimed to discover novel genes involved in the process by the use of micro-array technology. The histological knowledge of the almond adventitious shoot regeneration showed how hard it can be to identify the cells buried within a callus, that actually become com petent for adventitious shoot formation. Therefore, an alternative strategy could be to find key player genes involved in certain steps of shoot development in order to identify within he t tissue where and when cell fate commitment for regeneration is to happen, much longer before organized structures become visible. The candidate gene approach raised a promising gene candidate PdKnl to identify the cells with meristematjc commitment Micro-array screening of the early and late suppression subtractive libraries of almond regenerating explants enabled us to acquire mass genomic data about accumulation of less abundant transcripts that may have an important contribution for de novo shoot development. The hybridisation of three biological replicates represented by three adventitious regeneration induction assays produced a very strong set of data statistically analysed through GeneSpring software. The cDNA clones differentially expressed either in the early or in the late conditions pointed out candidate genes with very interesting expression patterns during shoot induction. In the future these candidates may accurately mark or track de novo events occurring during organo g enesis, assisted by in situ techniques. The disclosure of a variety of known and unknown transcripts involved in adventitious regeneration may help to elucidate about their putative regulatory roles in cell competence for shoot regeneration.
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